Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
INTRODUCTION
Chenango County uses ground water from unconsolidated valley-fill aquifers and from bedrock in the uplands for public water supply. To formulate plans to protect and manage the groundwater resources, water-resource managers and planners need information on the thickness of unconsolidated deposits because the thickness of these materials largely determines the degree to which ground water is protected from surface contaminants; they also need to know the location and potential yield of wells completed in such aquifers. Because only minimal information on the unconsolidated deposits of Chenango County is available, a hydrogeologic data base and maps showing the thickness of unconsolidated deposits and the extent and potential well yields in valleyfill aquifers are needed as a basis for ground-water management plans.
In 1989, the U.S. Geological Survey, in cooperation with Chenango County, began a 2-year study to provide hydrogeologic information, obtained from well drillers and State agencies, to county planners.
Purpose and Scope
This report describes hydrogeologic characteristics of the unconsolidated deposits in Chenango County as inferred from well and testhole data. It includes an inventory of wells and test holes and a series of maps, at 1:48,000 scale, that show well locations (pi. 1 A, IB), thickness of unconsolidated deposits (PI. 2A, 2B), and potential well yields in valley-fill aquifers (pi. 3A, 3B).
Description of Study Area
Chenango County is in the glaciated Appalachian Plateau physiographic province of southcentral New York State ( fig. 1 ). The region encompasses 908 mi2 (Crandall, 1985, p. 1) and was glaciated and modified several times during the Pleistocene Epoch. The last glaciation, which occurred during the Wisconsinan Stage of the Pleistocene Epoch (about 12,000 years ago), modified the landscape to its present form.
Elevations range from 880 to 1,960 ft above sea level (Crandall, 1985, p. 2) , and local relief may reach 600 ft from the valley floor in major stream valleys. The average temperature for winter is 22 °F and for summer is 65 °F; total annual precipitation averages 40 in. (Crandall, 1985, p. 2) . More than half the county is classified as forest; the remainder is agricultural, except for a small percentage that is classified as commercial, industrial, or residential (Crandall, 1985, 
P.O.
Water supply in Chenango County is derived from surface-water reservoirs and ground water pumped from unconsolidated deposits in the valleys and bedrock in the uplands. Yields of wells that tap bedrock aquifers generally are smaller than those that tap the unconsolidated aquifers.
Figure 1 . Location of Chenango County and physiographic provinces of New York.
(Modifiedfrom Lyford and others, 1984, fig. 2 ; Lumia, 1991, fig. 1 .)
METHODS OF INVESTIGATION
Well and test-hole data were collected from local well drillers; the New York State Departments of Transportation, Environmental Conservation, and Health; and the New York State Geological Survey. The maps of Chenango County (pis. 1, 2, 3) have been arbitrarily divided into south (pi. A) and north (pi. B) sheets because the county is too large to depict conveniently at the selected scale (1:48,000). The well-location maps (pis. 1A, IB) and record of wells and test holes (table 1, at end of report) were constructed from data from 840 sites, including 519 sites inventoried during this study and 321 from previously published reports (Randall, 1972; Reynolds and Brown, 1984) .
Well and test-hole locations were derived from records of the owners of domestic wells and tax-parcel maps and from base maps or location coordinates given on geologic logs of observation wells and test holes. Well and test-hole locations were transferred to 7.5-minute topographic maps (1:24,000 scale) and digitized to derive the latitude and longitude in degrees, minutes, and seconds. Data from the wells and test holes were entered into the U.S. Geological Survey's Ground-Water Site Inventory computer data base, and wells were identified by numbers assigned according to a sequential numbering system arranged by county. Land-surface altitudes given for domestic wells were taken from topographic maps and are accurate to within 20 ft, but are affected by topography and the accuracy of the well location indicated in table 1. Yields of domestic wells were estimated by the drillers at the completion of the drilling.
Thickness of unconsolidated deposits (pis. 2A, 2B) was determined through analysis of soils maps, well and test-hole data, and surficial geology. Five thickness zones were identified from the sediment-thickness data; their boundaries are approximate and are not intended for use in sitespecific studies.
The Chenango County soil survey was done by the Soil Conservation Service (Crandall, 1985) . Soil classifications were based on "steepness, length, and shape of the slopes; the general pattern of drainage; the kinds of crops and native plants growing on the soils; and the kinds of bedrock" (Crandall, 1985, p. 5) . Patterns within these criteria form "landscape segments" that can be used to indicate soil types; soil types also are identified through physical characteristics, such as color, texture, water-filtration rate, and depth to bedrock (Crandall, 1985) .
Seven types of soils that typically occupy areas where bedrock is less than 5 ft below land surface were identified and delineated as zone 1; soils that typically have thickness greater than 5 ft could not be used to infer depth to bedrock. Where the soil-type boundaries were not in agreement with the well data, the well data were considered the more accurate and were therefore used.
Subsequent delineation of zones 2 through 5 (described on p. 6) were based on casing data, data from geologic logs, and surficial geology. If data were insufficient to indicate whether a well was finished in bedrock or unconsolidated deposits, the following assumptions were made:
1. If the depth of the well was greater than the casing depth, the depth of casing was assumed equal to the thickness of unconsolidated deposits, and the well was assumed to terminate in bedrock. 2. If the depth of the well was equal to the depth of the casing, the well was assumed to penetrate only unconsolidated deposits, and the casing depth was taken to be a minimum thickness of unconsolidated deposits. 3. Measuring points were assumed to be at land surface unless otherwise stated.
All of Chenango County was glaciated, and the sediments that now fill the bedrock valleys were deposited by glaciofluvial meltwater, either as coarse-grained outwash from streams, or as fine-grained lacustrine sediments that filled temporary glacial lakes. Saturated, coarse-grained sand and gravel form valley-fill aquifers within these bedrock valleys. The water in these aquifers may be stored under confined or unconfined (water table) conditions. Boundaries of valley-fill aquifers shown in this report (pis. 3A, 3B) generally represent the contact between unconsolidated deposits and till or the bedrock valley wall. These aquifers were delineated from surficial geologic maps (Cadwell, 1972; Muller and Cadwell, 1986; and Cadwell and Dineen, 1987) , geologic logs of wells and test holes, and soil maps (Crandall, 1985) . In the absence of well data, the thickness of valley-fill deposits in major valleys, such as the Chenango River Valley, was estimated by projecting the slope of the adjacent bedrock valley walls downward, then subtracting the estimated altitude of the bedrock floor from that of the overlying valley floor. This method was also used in the narrow, steep-sided upland valleys (zones 1 or 2) to estimate sediment thickness. In areas not underlain by valley-fill aquifers, such as the uplands, ground water is obtained from bedrock. Yields of wells completed in bedrock vary widely and depend largely on the type of bedrock and its degree of fracturing.
Ground water in most of the valley-fill aquifers in Chenango County is under unconfined (water table) conditions. In unconfined aquifers, the water table represents the top of the saturated zone and is approximately at atmospheric pressure. The water table fluctuates in response to changes in natural recharge, discharge, and local ground-water pumpage. Potential well yields shown in this report for valley-fill aquifers were based on reported pumping rates of wells, yield estimates from drillers, saturated thickness of the aquifer, and a statistical analysis of well yield for wells in the Susquehanna River Basin (Hollyday, 1969) . Ranges of potential well yields, given here, were estimated from saturated thickness and wellyield data. These ranges are conservative estimates and can be expected to be equalled or exceeded by 50 to 75 percent of the wells within each well-yield zone (pis. 3A, 3B). The ranges used are nearly the same as those used in a statistical analysis of well-yield data for the Susquehanna River Basin in New York (Hollyday, 1969, table 1, p. 48; and MacNish and Randall, 1982, These zones of saturated thickness, as delineated by MacNish and Randall (1982, pi. IB) , were transferred to the potential-yield map and verified or updated with reported pumping rates of wells and yield estimates from drillers. The potential-yield range greater than or equal to 3,500 gal/min (zone 4) was assigned to regions having a saturated thickness greater than 40 ft, a drainage area greater than 200 mi2, and an assumed hydraulic connection to major streams.
Saturated, well-sorted, coarse sand and gravel deposits that are overlain by relatively impermeable lacustrine sediment (fine-grained silt and clay) are called confined aquifers and are under pressure greater than atmospheric. The locations and estimated extent of confined aquifers within major valleys were taken from MacNish and Randall (1982, pi. IB) and were inferred from the locations of artesian wells that were completed in stratified drift. Confined aquifers occur in many locations within the major valleys in Chenango County, but well data are generally insufficient to accurately delineate their thickness and extent.
HYDROGEOLOGY OF UNCONSOLIDATED DEPOSITS
Unconsolidated valley-fill aquifers occur in the major valleys that contain a river or large stream; these valleys are generally oriented northsouth in Chenango County. Many large residential and industrial areas obtain water from high-yielding wells that tap these productive valley-fill aquifers. Minor valleys that contain small streams are typically oriented east-west in Chenango County and generally lack high-yielding valley-fill aquifers.
Types of Deposits
Unconsolidated deposits in Chenango County are of several types, including glacially derived stratified drift, till and moraine, and recent sediment (alluvium and colluvium) deposited by postglacial streams.
Stratified Drift
Stratified drift (well sorted and layered) was deposited in the major valleys by glaciofluvial meltwater and includes outwash, ice-contact, and lacustrine deposits. Outwash deposits consist of well-sorted sand and gravel scoured from bedrock by ice and deposited near the center of the valleys by glacial meltwater. Ice-contact deposits, which include kames, kame deltas, kame terraces, and eskers, were formed during deglaciation between the ice and the valley walls or between the ice terminus and a temporary glacial lake. Ice-contact deposits generally consist of individual beds of poorly to well-sorted sand and gravel, cobbles, silt and clay. Lacustrine sand, silt, and clay were deposited in temporary lakes that formed during deglaciation where meltwater was impounded by ice or older deposits downvalley.
Till
Till is an unstratified, compact, unsorted mixture of cobbles, gravel, sand, silt, and clay that was deposited directly by and underneath the advancing glacier. Till typically has low permeability because it was compacted by the weight of the glacier and was generally not sorted or reworked by subsequent meltwater streams. Till therefore does not transmit water readily and is considered to be poor aquifer material.
In the uplands, till directly overlies bedrock. As the glaciers advanced southward, they removed previously deposited till from the north-northeastfacing slopes and redeposited it on the southsouthwest-facing slopes. Till is therefore generally thinnest on the north-northeast-facing slopes and hilltops and thickest on the south-southwestfacing slopes, and these "till shadow" hills ( fig. 2 ) are asymmetrical as a result (Coates, 1974, p. 224) . In the Chenango River Basin, thick deposits of till generally mantle the bedrock walls and floors of minor valleys that are tributary to major southward-draining valleys (Cadwell, 1981) . Till on the south-southwest-facing slopes increases in thickness downslope to a position about four-fifths the distance from the hilltop to the lowest point in the valley floor (the thalweg), then thins over the final fifth of this distance to the stream. The point at which till thickness is greatest is interpreted as the thalweg of the preglacial stream channel that occupied the bedrock valley. The presence of a "till shadow" causes the postglacial stream to follow a new course parallel to, and generally south of, the former channel (Coates, 1966 (Coates, , p. 1618 .
Moraine
Moraines are mounds or ridges of unsorted and unstratified drift (mostly till) that melted out of the glacier during a pause (stillstand) in the glacier's retreat. These deposits generally do not contain high-yielding aquifers but may locally be underlain by confined aquifers, although none have been verified in this study area. Alluvium and Colluvium Alluvial and colluvial deposits are recent (postglacial) deposits and, therefore, overlie the glacial material in the valleys. Alluvium is deposited by modern streams, typically as alluvial fans, and consists of sorted clay, silt, sand, and gravel. Colluvium consists of loose and incoherent deposits of soil and rock, typically accumulated at the foot of a slope by rainwash or through downslope creep. These deposits have potentially good water-transmitting properties but are generally unsaturated because they are above the water table.
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Thickness
Five thickness zones of unconsolidated deposits are delineated in plates 2 A and 2B. Zone 1 (less than 5 ft thick) is generally on hilltops and on the north-northeast-facing slopes, where bedrock is close to land surface. Till covers the bedrock uplands except where isolated pockets of sand and gravel were deposited during deglaciation. Zone 2 (5 to less than 50 ft thick) is generally on the uplands and on hillsides. Zone 3 (50 to less than 100 ft thick) occurs in kame terraces along the valley sides and in till-shadow hills ( fig. 2) . Zone 4 (100 to less than 200 ft thick) is in the major valleys; zone 3 lies along each major valley flank, and zone 5 (equal or greater than 200 ft thick), if present, is within the center of the valley. The major valleys may contain areas of zone 5 in addition to those shown, although present data are insufficient to determine their locations.
Potential Well Yields from
Valley-Fill Aquifers Plates 3A and 3B delineate four zones of potential well yields in the valley-fill aquifers. The most productive unconsolidated aquifers are in the major valleys and consist of coarse sand and gravel deposited by glacial meltwater streams. Valleys with high-yielding aquifers include the Chenango River, Unadilla River, Susquehanna River, Otselic River, Genegantslet Creek, and Mud Creek.
Some minor valleys that are tributary to the major valleys could also contain productive aquifers, but data are insufficientt to permit their delineation. The uplands and tributary valleys, particularly those that trend east-west, contain no major sand and gravel aquifers but may contain isolated pockets of sand and gravel that could serve as localized aquifers, but more data would be needed to verify their locations. Zone 1 (less than 100 gal/min) represents deposits of fine sand, silt, and clay in the major and minor valleys. Zone 2 (100 to less than 1,500 gal/min) also occurs in the valleys but represents more permeable deposits of sand and gravel. Zone 3 (1,500 to less than 3,500 gal/min) is found primarily in the major valleys and represents mostly kame terraces and kame deltas that flank the valley sides. Kame terraces and kame deltas contain potentially high-yielding aquifer material but are largely unsaturated. In some areas, zone 1 and zone 3 are adjacent to one another. The abrupt change in thickness reflects the steep bedrock slope, which is a result of glacial erosion in the valleys. In such areas, zone 2 lies between zones 1 and 3 but is not shown because it would be extremely narrow, and the boundary location is uncertain. Zone 4 (equal to or greater than 3,500 gal/min) lies within the major valleys where the saturated thickness exceeds 40 ft and the aquifer is in hydraulic connection with a stream whose drainage area exceeds 200 mi". Four areas in the lower Chenango River Vaiiey meet these conditions (pi. 3B).
SUMMARY
Unconsolidated deposits in Chenango County are thinnest on hilltops and north-northeast-facing slopes, and thickest in the major valleys. Hills with thick till on their south-southwest slopes (till shadows) occur in the uplands. The location of till shadows on such hills results from the direction of glacier movement relative to the axis of the upland tributary valleys.
The highest yielding aquifers in the county are the coarse sand and gravel valley-fill deposits that occupy the major valleys. Well yields in these valleys range from 100 to more than 3,500 gal/min. Ground-water supply in the upland areas is derived from bedrock, but well yields vary locally, depending on the degree of bedrock fracturing. Localized confined aquifers are present in all major valleys, but no data on their yields are available. Owner:
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Total length of solid casing, in feet below land surface, except as noted. The information was derived from geologic logs and driller's records.
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